Inkjet printing of macromolecules on hydrogels to steer neural stem cell differentiation.
Inkjet printing allows for the rapid and inexpensive printing of cells, materials, and protein molecules. However, the combination of inkjet printing and control of neural stem cell (NSC) multipotency and differentiation has remained unexplored. We used an inkjet printer (Canon BJC-2100) to print biologically active macromolecules on poly-acrylamide-based hydrogels (HydroGel(TM)), which were subsequently seeded with primary fetal NSCs. NSCs cultured on areas printed with fibroblast growth factor-2 (FGF2) remained undifferentiated, consistent with the effects of FGF2 when administered in solution. NSCs cultured in parallel on the same hydrogels but in areas printed with ciliary neurotrophic factor (CNTF) or fetal bovine serum (FBS) displayed a rapid induction of markers for astrocytic (glial fibrillary acidic protein, GFAP) or smooth muscle (smooth muscle actin, SMA) differentiation, respectively. These results are consistent with known actions of CNTF and FBS on NSCs. Importantly, NSCs cultured on a printed gradient of increasing levels of CNTF showed a linear increase in numbers of cells expressing GFAP, demonstrating a functional gradient of CNTF. Lastly, genetically modified NSCs proved to respond properly to printed macromolecules, suggesting that inkjet printing can successfully be combined with gene delivery to achieve effective control of stem cell differentiation.